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ABSTRACT 



An optically excited diode current limiter, when 
placed in series with a lead having an electrode at- 
tached to a patient such as an EKG or EEG lead, con- 
ducts physiological signals picked up by the electrode 
and protects the patient from slectrical shock by limit- 
ing the amount of current flowing through the lead. 

4 Claims, 3 Drawing Figures 
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^w^^i**; source and at least four connecting leads, a signal 
OPTICALLY EXCITED DIODE CURRENT source lead, a signal output lead and two voltage source 

LIMITER leads. 

Hot carrier diode circuits provide decreased shock 

BACKGROUND OF THE INVENTION 5 P rotection as temperature increases. For example, the 

u , u i.j i. ^ * „„„ ~ conductivity of these circuits increases by a factor of 14 

Whenever an electrode at the end of anEKGorEEG (i.e., increases to fourteen times itsoriginal value) for 

lead is applied to a patient s body, a potential electrical each 25° C increase in temperature. Furthermore, hot 

shock hazard to -the patient is created. Electrodes are carrier diode circuits inadequately limit the amount of 

.generally designed to provide a low resistance connec- 10 cmm ^ ^ T k 

2S12S!^ the detecuon of low pennit 33 muc U 5 ^ pe 7lead, or 60 milUamps 

the patient's body. via a ^ c^fig^n e ads, to pass to 

However, this low resistance connection also facilitates the patient 

£ffl^^ i s Germanium diode circuits often have a low break, 

the ttow of current to and from toe parent, thereby 15 down volta ^ . inadequate to protect the patient 

tT^fJ^rT^ t0 Sh ? C - ' ^ rd ° US when ^ voltages of 220 volts or higher are a£Z 

£T^ T^ T C T 1 C l 15 ^^ ^ because L reverse leakage cirrent of JTrma- 

•equipment failure, from 1 ground loops, or from stray 20 at ^om temperature, and dou- 

c^aritanc* wto^^ "Cab <" e ^^^ the shock 

grounded objects to which the lead is coupled. ^r^f ^ P f ^ ^l*™* ° f CirCUlt 

Many voltfge and current limiting devices such as *™Tc ^ JZT • T ^ 
isolator circuits and non-linear series circuits have been bC ' 
developed to protect the patient from electrical shock. 25 ^ff^J^ JSw^f^ S ° UrCeS m 
Isolator circuits general^comprise considerable float- ? T k ■ 

ing or non-grounded circuitry, including modulators J^J^^ 1 ? ^ re f 
and transducers or couplers of the optical, magnetic, low ™ d ™™y due to their small reverse leakage 

electric field or acoustic type. However, these circuits J"™ ■ * ecause f. Pf 61 !* 8 Physiological signals are 
are usually complex and costly, and because these cir- 30 ^P^V low amplitude signals requiring for conduc 
cuits are usually incorporated into biomedical equip- Uon * ™* tngh conductrvity, the high-resist- 

ment located away from the patient, they do not ade- ance low-conductivity characteristic of silicon diode 
quately protect the patient from electrical shock such < ? rcmt « makes th ese circuits unsuited to conducting 
as from long-lead shunt currents that arise from stray t hese signal s, 

capacitance in the lead. Also, isolator circuits do not 35 SUMMARY OF THE INVENTION 

■adequately eliminate artifacts that sometimes reside in \ „ .... 

. the physiological signal received from the patient. Such According to the illustrated embodiment of the pre- 
artifacts are often caused by large electrostatic com- sent invention, an optically excited diode current lim- 
mon mode voltages arising from multiple electrodes iter circuit is P laced in series with a lead having an 

; placed on the patient's body. 40 electrode attached to a patient. The circuit conducts 

■ Non-linear series circuits also have certain inherent the patient's physiological signals picked up by the 
disadvantages which cause them to provide inadequate' electrode while limiting the amount of current flowing 
shock protection to the patient. These disadvantages through the lead so as to protect the patient from elec- 
are described' below. Most known non-linear series trical shock. 

circuits are semiconductor circuits using Field Effect 4 5 The circuit includes two optically excitable silicon 
Transistors (FET), Bipolar Transistors, or Diodes. diodes connected back to back to each other, in series 

FET circuits are unduly complex and costly and can with the lead. One diode is connected to the patient 
be damaged easily when large overload voltages are electrode for receiving input signals picked up from the 
applied such as electrocautery and defibrillation volt- patient The other diode is connected to a signal pro- 
ages thereby providing inadequate patient protection. 50 cessing device for outputting patient signals to the de- 
Electrocautery voltages are generally about 2 kilovoits v * ce ' The circuit also includes a variable light source 
in magnitude while defibrillation voltages are generally for illuminating the diode junctions thereby to increase 
about 8 kilovoits in magnitude. the reverse leakage current and, hence, the conductiv- 

Bipolar transistor circuits, which are often con- ity of the diodes, and an enclosure which prevents 
structed having a plurality of bipolar transistors, a bat- 55 external light from reaching the diodes. As the intensity 
tery, and one or more resistors, have the same disad- of the light source is increased, the conductivity of the 
vantages as FET circuits mentioned above plus the diodes is increased sufficiently to allow small signal 
added disadvantage of limited battery life. currents, below a predetermined level not hazardous to 

^ Diode type current-limiting circuits generally com- the patient, to pass through the diodes, Currents above 
prise diode bridge circuits, hot carrier diode circuits, 60 this level are blocked by one of the diodes when flow- 
germanium diode circuits or silicon diode circuits. ing to the patient and by the other diode when flowing 
Diode bridge circuits do. not adequately protect the from the patient. 

patient from shunt currents that occur in long leads A 

because these circuits, by reason of their spatial re- DESCRIPTION OF THE DRAWINGS 

quirements or bulk, are generally located in the bio- 65 FIG. 1 is a diagrammatic illustration of one embodi- 
medica) equipment itself and away from the patient. ment of the current limiter of the present invention. 
For example, these circuits often require space to ac- FIG. 2 is a waveform diagram illustrating the current- 
commodate both a positive and a negative voltage voltage characteristics of the current limiter of FIG, 1. 
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FIG. 3 is a waveform diagram illustrating the current- the current would be allowed to flow to the signal pro- 
voltage characteristics of the current limiter of FIG. 1 cessing device 25. 

when light from a varying light source is incident on the However, as FIG. 2 shows, when the voltage of the 

current limiter. applied signal is outside of the above-mentioned range, 

5 i.e., less than —25 millivolts or greater than +25 milli- 

DESCRIPTION OF THE PREFERRED volts, the diodes 13, 15 act like typical diode seinicon- 

EMBODIMENT ductors, each conducting current in one direction and 

FIG. 1 shows an optically excitable diode current blocking current greater in magnitude than I w * m Aow- 

limiter 11 having back to back silicon diodes 13, 15 |n ™ ™ °PP° slte direcbon S,gnals having ; cu^ent 

connected in series with a lead 17, and having a van- 10 ^ greater n i^e than I^m, for example, 

able light source 19 such as a potentiometer 20 con- ^cfocautery defibrillation, £ ou ^^^ 

* ii j «• c *u a ^a^ 11 pacitance or other signals occasioned by equipment 

boiled light source for optically exciting the diodes 13, £ m to ^ ^ ^ are . 

15, and an enclosure 21 to prevent external ambient blocked fe ^ cumnt limher n from flowing t0 or 

light from reaching the diodes 13, 15. The light source ^ frQm ^ ^ no current & ^ teT ^ in 

may also be a Ught-emittmg terminus such as the end of mag^tude is allowed to pass the current limiter 11. 

a fiber optic, or a light source that emits non-visible Diode 15 of me current ihni te r 11 blocks currents of 

light such as X-rays. Signals picked up by an electrode hazardous signals that flow from diode 13 to diode 15. 

23 at the end of the lead 17, are selectively transmitted Diode 13 blocks currents of hazardous signal that flow 

by the current limiter 11 via lead 18 to a signal process-: 2Q ^ Qm 15 t0 fi 0 £ e ^ A hazardous signal applied 

ing device 25 for processing. Device 25 may be any to diode 15 reverse biases diode 15. This causes diode 

physiological signal processing device such as an elec- 15 to conduct signals with current levels less than or 

trocardiograph. equal to luam in magnitude, and to block or not con- 

The current limiter 11 may be placed near to the duct signals with current levels greater than luum in 

electrode 23, for example within 6 inches of electrode 25 magnitude. Similarly, a hazardous signal applied to 

23. When so placed, lead 17 between the patient and diode 13 reverse biases diode 13, thereby blocking the 

the current limiter 11 is short, thereby eliminating the passage of all currents greater than \ U um in magnitude 

hazard of shunt currents that can arise from long leads and permitting the flow of currents less than or equal to 

between the patient and the current limiter. hium j" magnitude. 

When light from the light source 19 is incident on the 30 I claim: ■ ■ 4 . 
diodes 13, 15, which may be two diodes as shown in 1. An apparatus for controlling the passage of electri- 
FIG 1 or a greater number of diodes, free charge carri- cal signals to and from a patient along a lead connect- 
ers are formed at the diode junctions. This reduces the ing the patient to a signal processing device, said appa- 
resistance of the diodes 13, 15 to current flow. When ratus comprising: 

small signals with voltage levels in the range from -25 35 a fir* ^unidirectional current Imuter mea^ havmg an 

SXhU are applied to the diodes the optically r excitable portion connected u im^ 

25-° 13, 15 act much like ^^^^ S ^ 

stant value producing a linear signal voltage-current to Udnatient- 

■relationship over this vokage range When ac ting like £ cummt limiter mea ns having 

resistors, the diodes conduct signals with smaU non- . n connected m ^ 

hazardous currents such as physiological signal cur- J d first ' current limiter means and said, lea'd 

rents. FIG shows the rejatior^ip for conducting signals to said patient and blocking 

voltages (V) and current flow (0 through the diodes g . , s above * p ^ etcnnined level from ^ ^ 

13, 15. For a selected amount of light incident on the ^ v 

diodes, 13, 15, the magnitude of the current conducted a 1^'^^ disposed at a selected distance from 

by the diodes 13, 15 varies linearly from -*uurn to ^ first ^ se^nd current limiter means fbt 

hmm as the applied voltage varies from -25 millivolts illuminating the optically excitable portions of both 

to +25 millivolts. As explained below, \ U Mm represents of said current limiter means; and 

the reverse leakage current of the diodes, 13, 15 and is 5Q ^ enc i OSU re placed around said first and second, 

the maximum magnitude of current that can flow seri- current limiter means and said light source for 

ally through both diodes 13, 15, for a selected amount preventing external light from illuminating said 

of incident light. FIG. 3 shows that as the light source fu^t and second current limiter means. 

19 is varied, for example by varying the potentiometer 2. The apparatus as in claim 1 wherein said first uni- 

20 thereby increasing the intensity of light incident 55 directional current limiter means is an optically excit- 
upon the diodes 13, 15, l UMm increases in magnitude a bi e silicon diode. 

to another limiting value luum- 3. The apparatus as in claim 2 wherein said second 

The diodes 13, 15 conduct small currents flowing to unidirectional current limiter means is an optically 

or from the current limiter 11. The back to back orien- excitable silicon diode. . 

tation of the diodes has no appreciable effect on the 60 4. The apparatus as in claim 3 wherein said light 

direction of flow of such small currents when the di- source is a variable light source for illuminating said 

odes 13, 15 are acting like resistors. Consequently, a first and second current limiter means with light of 

physiological signal flowing from a patient 27 to the selected intensities, 

current limiter 11 would not be blocked by diode 15; • ♦ ♦ * * * 

65 
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